for both risk of death and chances of survival. At 6 weeks' follow-up, there were significantly more deceased overestimated infants ( p = 0.041). Discussion: Our study shows that inaccuracy of EFW at the limit of viability occurs frequently in a delivery room setting with a potential impact on neonatal outcome.
Introduction
Preterm birth, particularly at the limit of viability between 23 0 / 7 and 26 0 / 7 weeks of gestation, is associated with high neonatal morbidity and mortality [1] . Physicians and parents are confronted with clinically and ethically difficult decisions, and prediction of adverse outcomes influences this decision process [1, 2] . In Switzerland, current guidelines recommend primarily palliative care at a gestational age of 22 0 / 7 -23 6 / 7 weeks, conditional intensive care at a gestational age of 24 0 / 7 -24 6 / 7 weeks depending on additional parameters such as estimated fetal weight (EFW) or antenatal glucocorticoids, and full intensive care after 25 0 / 7 weeks' gestation [2, 3] . Notably, the MOSAIC study showed that within Europe, treatKeywords Estimated fetal weight · Limit of viability · Neonatal outcome · Preterm delivery · Ultrasound Abstract Introduction: To determine the accuracy of estimated fetal weight (EFW) at the limit of viability in a delivery room setting and its impact on the prediction of neonatal outcome.
Material and Methods:
In this retrospective, single-center cohort study we included patients with preterm birth between 23 0 / 7 and 26 0 / 7 weeks of gestation. Neonates were divided into 3 groups according to birth weight at delivery (accuracy index 90-110%, <90%, >110%). Neonatal outcome for each group was categorized into survival with and without impairment and death, with a follow-up period of 6 weeks. Results: Eighty-seven newborns were included, with 62.1% accurately estimated. Gestational age at birth, fetal sex, maternal body mass index, and time interval between birth and ultrasound affected the accuracy of EFW. Chances of survival were significantly higher in the underestimated group for birth weight at delivery compared with estimated weight ( p < 0.001), with risk of death being significantly lower ( p < 0.001). The reverse was true for overestimated infants, ment for infants born at the limit of viability varies, especially at 24-25 weeks of gestation, showing that Poland, Germany, and Portugal favor an active management already at a GA below 23 weeks [4] . On the other hand, aggressive intervention starting at a GA of 23 0 / 7 weeks is recommended in the USA [5] . Comparing perinatal care in industrialized countries showed that at 23 and 24 weeks of gestation, active management is not the rule and that overall, at the limit of viability, each case has to be evaluated individually regarding further management [6] .
Predicting individual neonatal outcome remains challenging and has been assessed using different models, with gestational age, fetal sex, use of antenatal corticosteroids, single or multiple pregnancy, and estimated fetal birth weight being the most accurate factors [7] . Given the complexity of this approach, the National Institute of Child Health and Human Development (NICHD) Neonatal Research Network developed an online tool to predict neonatal outcome based on a mathematical model in order to facilitate the decision process [8] .
Prediction of neonatal outcome depends in part on correctly estimated fetal weight, which may be affected by suboptimal conditions during emergency situations in the delivery room setting. The accuracy of EFW at the limit of viability is susceptible to a variety of confounding factors [9] . We performed a retrospective analysis to determine the accuracy of EFW in the delivery room setting, and how inaccuracy may adversely affect neonatal morbidity and mortality by influencing clinical decisions.
Material and Methods

Study Design and Data Collection
We performed a retrospective analysis of our tertiary care University center patient population. At our center, we accommodate 1,700 deliveries each year, including 35% premature births, and have a neonatal intensive care unit with 34 beds. The study was approved by the institutional review board. We obtained ultrasound data (from delivery room setting), and birth and neonatology reports from charts and electronic databases (Department of Obstetrics and Gynecology and Division of Neonatology). We included only patients who delivered between 23 0 / 7 and 26 0 / 7 weeks of gestation, which is currently the limit of viability in industrialized countries, between 2005 and 2011.
Inclusion and Exclusion Criteria
Inclusion criteria were gestational age between 23 0 / 7 and 26 0 / 7 weeks at delivery, a maximum interval of 7 days between fetal weight estimation in a delivery bed and delivery, complete ultrasound parameters (biparietal diameter, head circumference, abdomen circumference, and femur length), and live-born or intrapartum deceased infants without chromosomal or structural anomalies. For all patients, gestational age was based on the last menstrual period, confirmed with first-trimester ultrasound and adjusted according to crown-rump length if the discrepancy was equal to or greater than 5 days. Singleton, twin, and triplet pregnancies were included. We excluded cases with intrauterine fetal death between 23 0 / 7 and 26 0 / 7 weeks of gestation as well as incomplete documentation.
Ultrasound was performed with a GE Voluson E with a transabdominal curved-array transducer probe with a frequency of 7 MHz. Depending on the clinical situation, ultrasound was repeated if women did not deliver within 24 h after the initial examination.
The following parameters were extracted from available data: singleton or multiple pregnancy, maternal body mass index, gestational age, fetal gender, EFW -calculated in all cases using the Hadlock I formula as determined by biparietal diameter, head circumference, abdomen circumference, and femur length [10] -, amniotic fluid index, presentation of the fetus, location of the placenta, interval between fetal weight estimation and delivery, use of antenatal corticosteroids, presence of ruptured membranes and/or contractions, mode of delivery, birth weight accuracy index (defined as estimated birth weight/birth weight at delivery), whether postnatal intensive care was necessary, and neonatal outcome up to 6 weeks postnatally. In our department, these parameters are routinely assessed in the diagnostic workup before and after delivery. Primary outcome was EFW accuracy in our study group. Secondary outcome was neonatal outcome and specifically, impact on neonatal mortality.
We divided all infants into 3 groups according to the birth weight accuracy index: accuracy index 90-110% (accurately estimated group), accuracy index <90% (underestimated group) and accuracy index >110% (overestimated group). Mean percentage deviation and standard deviation were calculated for each group (primary outcome).
Neonatal outcome was categorized into 3 groups: survival without impairment, survival with impairment, and death, for a follow-up period of 6 weeks. Impairment was defined as the presence of one or more of the following diagnoses: bronchopulmonary dysplasia with a need for additional oxygen for more than 28 days postnatally (as defined by Bancalari et al. [11] ), necrotizing enterocolitis, and intracerebral hemorrhage grade 3 or higher. Infants without impairment were defined as survival without diagnoses that lead to permanent damage with a negative impact on the infant's quality of life in general and in particular absence of the above-mentioned diagnoses. The decision to administer postnatal intensive care was made based upon individual characteristics in each case.
The risk for overall death and chances of survival were calculated for each infant individually, using a web calculator introduced by Tyson et al. [7] with the NICHD Neonatal Research Network [8] . Calculations were made using both the estimated birth weight and the birth weight at delivery. The mean percentage deviation and standard deviation in the results for risk of overall death and chances of survival for mechanically ventilated infants were then calculated for each group.
Analysis with Adjusted Weight Gain for EFW
According to a recently published study, the average weight gain for preterm infants at the limit of viability is approximately 15 g per day [12] . Therefore, we did an additional analysis of our data by adding 15 g per day between ultrasound and birth to the EFW for each infant.
Statistical Analysis
Statistical data analysis was performed using Microsoft Office Excel 2007 and the Statistical Package for the Social Sciences (SPSS) version 21 (2012; SPSS, Inc., Chicago, IL, USA). Mean values and standard deviations were calculated for all factors. Univariate analysis was applied to determine the relationship between EFW and the individual factors possibly affecting EFW (demographic data). t tests were used to compare continuous data and χ 2 tests to compare dichotomous data. p values of ≤ 0.05 were regarded as significant.
Results
Demographic Data
From a total of 147 cases, 87 met the inclusion criteria and were used for further analysis ( Fig. 1 ) . Demographic data obtained for all included infants are summarized in Table 1 . We detected significant differences regarding gestational age at birth, fetal sex, maternal body mass index, and time interval between birth and ultrasound between the 3 groups: infants in the underestimated group were younger than accurately estimated and overestimated infants with a mean gestational age of 23 2 / 7 weeks of gestation and more often male (85.7%). In the overestimated group, the time interval between ultrasound and birth was shorter with a mean of 1.7 days and the maternal body mass index was higher with 27.1.
Primary Outcome
As shown in Table 2 , EFW was accurate in only 54 (62.1%) fetuses (mean EFW/birth weight 100.8% ± standard deviation 5.5%). In 14 (16.1%) fetuses, EFW was underestimated (mean EFW/birth weight 84.8 ± 6.3%) and in 19 (21.8%) overestimated (mean EFW/birth weight 118.3 ± 8.3%).
Impact on Neonatal Mortality
To further determine the impact of EFW in our cohort, we used the NICHD Neonatal Research Network online tool, which estimates the risk for overall death and chances of survival based on birth weight. We used both the estimated birth weight and the birth weight at delivery. Given the limitation of the NICHD calculator (birth weight range between 401 and 1,000 g), we used the lowest range limit in 2 infants where birth weight was slightly below 401 g and the highest range limit in 1 case with a birth weight just above 1,000 g. In addition, we excluded 6 infants as the NICHD calculator accepts a gestational age from 22 to 25 weeks only, and 5 infants due to incomplete data regarding the use of antenatal corticosteroids. Together, a total of 76 infants or 59 infants (mechanically ventilated) were subjected to further analysis. Table 3 summarizes the chances of survival for mechanically ventilated infants ( n = 59) and the risk of death for all infants ( n = 76) for the accurate, overestimated, and underestimated group, calculated with the estimated birth weight and the birth weight at delivery, respectively.
We detected several differences. Chances of survival were significantly higher in accurately estimated infants versus overestimated infants ( p = 0.012) for birth weight at delivery. Risk of death for both estimated weight and birth weight at delivery was significantly lower in accurately estimated versus underestimated infants ( p < 0.001 and p = 0.016, respectively). Finally, chances of survival were significantly higher in the underestimated group for birth weight at delivery compared with the estimated weight ( p < 0.001), with risk of death being significantly lower ( p < 0.001). The reverse was true for overestimated infants, for both risk of death and chances of survival.
Secondary Outcome Neonatal Outcome for All Infants
The results for neonatal outcome are summarized in Table 4 . Of 87 infants, 10 (11.5%) survived without impairment, 40 (46.0%) with impairment and 37 (42.5%) died. For infants who survived without impairment, EFW was accurate in 7/10 (70.0%), underestimated in 1/10 (10.0%), and overestimated in 2/10 infants (20.0%). For infants who survived with impairment, EFW was accurate in 27/40 (67.5%), underestimated in 5/40 (12.5%), and overestimated in 8/40 infants (20.0%). For infants who died, EFW was accurate in 20/37 (54.1%), underestimated in 8/37 (21.6%), and overestimated in 9/37 (24.3%) infants.
Neonatal Outcome for Infants Receiving Intensive Care Given that neonatal intensive care is essential for neonatal survival, in our cohort, all infants who received palliative care were removed from analysis of factors that may affect the neonatal outcome ( the underestimated group (70%). When intensive care is administered, more overestimated than accurately estimated infants die; however, this difference is not significant. In addition, intensive care was only applied in 4/10 cases in the underestimated group, but in almost all cases (7/8) in the overestimated group and in more than half of the cases in the accurately estimated group (15/26). However, when intensive care was applied in the underestimated group, 3 out of 4 infants survived.
Adjusted Weight Gain for EFW
Comparing these results to our initial analysis, the distribution of our groups changes to the extent that there are more overestimated infants ( n = 39 vs. n = 19), fewer accurately estimated infants ( n = 38 vs. n = 54), and fewer underestimated infants ( n = 10 vs. n = 14). Mean gestational age at birth for overestimated and accurately estimated infants remains the same, while for underestimated infants, the mean gestational age is now 24 3 / 7 weeks (vs. 23 2 / 7 weeks). More overestimated (70.3%) and less accurately estimated (52.8%) infants received fetal lung maturation. There are fewer female infants in the accurately (34.2%) and underestimated (10.0%) group, as well as fewer multiple pregnancies (20.0%), but more preterm premature membranes (50.0%) in the underestimated group. The time interval between ultrasound and birth increases in the overestimated group (2.8 ± 1.8 vs. 1.7 ± 1.2 days) and decreases in the underestimated group (1.3 ± 1.3 vs. 2.7 ± 2.6 days). The mean EFW/birth weight is 102.3 ± 5.1% for accurately estimated infants, 85.9 ± 4.9% for underestimated infants, and 119.2 ± 7.7% for overestimated infants.
However, when comparing the mean percentages for chances of survival and risk of death as calculated using the NICHD online calculator, the only difference to our initial analysis ( Table 3 ) was in risk of death. Now, risk of death for birth weight at delivery was no longer significantly lower in accurately estimated versus underestimat- 68 ed infants; however, it was still considerably lower ( p = 0.073).
At 6 weeks of follow-up, compared to our initial analysis ( Table 4 ) , more overestimated infants (22/50) survived than underestimated (5/50) and accurately estimated (23/50) infants. However, more infants died in the overestimated group (17/37) than in the underestimated (5/37) and accurately estimated group (15/37).
Taking into account only infants receiving intensive care ( Table 5 in initial analysis), 66.7% survived in the overestimated group (vs. 55.6%), 83.3% in the underestimated group (vs. 75.0%), and 73.5% in the accurately estimated group (vs. 79.3%). There was no significant difference in death between the groups; however, more accurately estimated infants died (20.7%).
Discussion
This study is the first to report that inaccuracy of EFW frequently occurs and influences the prediction of neonatal mortality at the limit of viability, potentially influencing neonatal outcome. We demonstrate that EFW is accurate in only 62.1% during emergency situations in the delivery room. This low number of correct estimations probably reflects the situation in a busy 24/7 delivery suite, where suboptimal conditions for ultrasonography are predominant. These suboptimal conditions may include nonrelaxed patients due to preterm labor and/or emergency situation, nonspecialized operators (no maternal-fetal medicine specialist), and no availability of high-end ultrasound equipment.
If EFW is incorrect, it may affect neonatal outcome, as underestimation might lead to a less active course of action postnatally. However, if full treatment is favored, it may result in better than predicted neonatal outcome. In our cohort, only 1 of 19 (5.3%) overestimated infants received no postnatal intensive care. In contrast, 6 of 14 (42.9%) underestimated infants received no postnatal intensive care. Lung maturation with steroids was complete in less than half of the underestimated infants; however, almost all underestimated infants received lung maturation ( Table 1 ) . Thus, overestimated infants receive more intensive care than underestimated ones as overestimated infants may have a higher chance of survival and hence, postnatal intensive care is applied more often. However, overestimated infants have a lower actual birth weight than accurately estimated or underestimated ones ( Table 2 ).
As infants with a gestational age below 24 0 / 7 weeks (when usually no intensive postnatal care is administered in our center) are underestimated frequently, we subsequently analyzed cases where intensive care was administered. At the 6-week follow-up, more overestimated infants died than accurately estimated infants. At the same time, there is no significant difference in death between accurately estimated and underestimated infants.
Overall, our results for infants receiving postnatal intensive care imply that out of 5 infants who survive, only 1 survives without impairment at the 6-week follow-up. Our overall survival rate of 57.5% (50/87) for that gestational age range is within the survival range of 36-63% described in the current literature (including survival to discharge) [2, 3, [13] [14] [15] [16] [17] . We only looked at short-term survival at 6 weeks postnatally; however, long-term survival has to be considered as well.
The main limitations of our study are the retrospective study design as well as the limited sample size. Thus, we were unable to modify or standardize the criteria for offering intensive care. Furthermore, the impact of confounding factors on EFW might have been underestimated in our study. The strength of our study is that EFW measurement was performed by residents under supervision of a registrar. This is of particular importance as EFW measurements at the limit of viability are frequently performed during emergencies in the delivery room as reflected by our study design. The detected difference in the time interval between ultrasound and birth may also have had an impact on our results. A time interval of more than 7 days between ultrasound and birth leads to inaccurate EFW [18, 19] . A noncephalic presentation tends to result in underestimation of fetal weight. While the current literature attributes breech presentation to inaccurate EFW, there is no data available for very low birth weight infants [20, 21] . In contrast, oligohydramnios tends to result in a fetal weight underestimation, as has been shown in the literature [22] . In our cohort, higher maternal body mass index results in an overestimation of fetal weight. The impact of body mass index on EFW is well defined, but with no significant reduction in EFW accuracy [18, 19, 23] . Surprisingly, we did not detect sex differences regarding overall survival ( p = 0.375). A possible explanation is that only 38% of all included infants were female as well as the small sample size.
In view of our study showing the frequent inaccuracy of EFW and its impact on estimation of neonatal mortality at a gestational age between 23 0 / 7 and 26 0 / 7 weeks, the validity of the neonatal mortality prediction algorithm of the NICHD online tool may be challenged. Adjustment by decreasing the significance of the fetal weight in the algorithm might improve the prediction accuracy. Previous studies have shown that there is greater inaccuracy in EFW for extremely low birth weight infants [24, 25] . However, a recently published study determined EFW to be an important factor in determining neonatal outcome when a difference of 20% or more was chosen between EFW and birth weight in a study population including mostly African-American women with a higher body mass index than in our group [26] . The inaccuracy of EFW needs to be kept in mind when deciding on a clinical treatment in emergency situations. Overestimated infants might be more likely to receive steroids for lung maturation as well as intensive care while their actual birth weight compared with EFW seems to be the limiting factor concerning neonatal outcome. In addition, obstetrical and maternal complications also have to be taken into account as well as the postnatal care and setting that is available at the respective center.
In our additional analysis with a 15-gram per day weight gain per EFW between ultrasound and birth, the differences between the groups become less significant. However, the distribution of our 3 groups changes, with more infants being overestimated. In addition, the time interval between ultrasound and birth is now greater for the overestimated group, and we cannot assume linear growth of 15 g/day for all infants. As this is a retrospective study, we cannot presume that clinicians did take a weight gain into account in their decision making; therefore, we might be replacing one measurement bias with another. However, these results support our hypothesis that EFW itself is a confounding factor in clinical decision making at the limit of viability.
